“

NUSC Technical Document 8481
9 February 1989

A Standard Definition for
Wind-Generated, Low-Frequency
Ambient Noise Source Levels

Presented at the

116th Meeting of the

Acoustical Society of America,

14-18 November 1988, Honolulu, Hawaii

y  William M. Carey
o David Browning
J Surface Anti-Submarine Warfare Directorate
'\__;i

I

William A. Von Winkle
£~ Associate Technical Director for
Research and Technology

Douglas J. Kewley
Maritime Systems Division, DSTO-WSRL
Australia -

DTIC

4 ELECTE
q&gWﬂZBE%é}’

X4

Naval Underwater Systems Center
Newport, Rhode Island / New London, Connecticut

Approved for public release; distribution is uniimited.

(\ ﬂ . - e~ -, e .
g L :
R o . X . .




Preface

This report was prepared under NUSC overhead no. 710Y11.

Reviewed and Approved: 9 February 1989

1AV tdak

W. A. Von Winkle
Associate Technical Director
for Research and Technology




UNCLASSIFIED
TECURITY CLASSIFICATION OF TRIS PAue
REPORT DOCUMENTATION PAGE
1e. REPORTY SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS
UNCLASSIFIED
23. SECURITY CLASSIFICATION AUTHOQRITY 3 OISTRIBUTION/ AVAILABILITY OF REPORT
APPROVED FOR PUBLIC RELEASE DISTRIBUTION

2b. DECLASSIFICATION / DOWNGRADING SCHEDULE UNLIMITED
& PERFORMING QRGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)

NAVAL UNDERWATER SYSTEMS CENTER

TD 38481
[6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION

QOf applicable)
NUSC 302 .
* | 6c ADDRESS (Gty, State, and 1P Code) . 75. AOORESS (Cty, State, and 2/P Code)
NEW LONDON LABORATORY
NEW LONDON, CT 06320
4

8a. NAME OF FUNDING / SPONSQRING ab. OFFICE SYMBQL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

ORGANIZATION Of 2pplicable)
8¢c. ADORESS (Cty, State, and 2IP Code) 10. SOURCE OF FUNDING NUMBERS

PROGRAM PROJECT TASK WORK UNIT
ELEMENT NQ. NO. NO. ACCESSION NO.
710Y11

R}

TITLE (Inciude Secunty Cassfication)

-~

A STANDARD DEFINITION FOR WIND~GENERATED, LOW-FREQUENCY AMBIENT NOISE SOURCE LEVELS

12, PERSONAL Aumon@{ . ,
WILLIAM M. CAREY, WILLIAM A. VONWINKLE, DAVID G. BROWNING AND DOUGLAS J. KEWLEY
13a. TYPE OF REPORT 135. NME COVERED 14. DATE QF REPQORT (Year, Month, Day) 5. PAGE COUNT
FROM 10 1989 feb. 9 34

16. SUPPLEMENTARY NQTATION

Presented at the 1l16th Meeting of the Acoustical Society of America,
14-18 November 1988, Honolulu, Hawaii

17

COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and :dent.fy by biock number)

FIELD GROUP SUB-GROUP Ambient Noise Prediction Models

19 AB3TRACT (Continue on reverse if necessary and identify by block number)

Low-frequency, wind-generated ambient noise source levels are important input parameters
for newly developed ambient noise prediction models such as DUNES. However, there has

been a significant variation among recently reported source levels. An analysis is made

of these values. Although the actual noise measurements, the assumed source model, and

a small angle approximation are similar for all papers; differences arise due to additional
geometrical factors or a further approvimation to shift the source level to the surface.

A standard source level definition and evaluation method are proposed. Standard values

oi low-irequency, wind-generated source levels are presented based on this strategy.

‘.

20 OISTRIBUTICN/AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
Ounclassirieounumireo  &ksame As reT. (Jorie wsers | (NCLalSIFIED
22a MAME GFf R€5FCMIIGLE 'MOIVIDUAL 22b. TELEPHONE (Include Area Code) | 22¢. OFFICE SYMBOL
W. M. Carey (203) 440-6699 302
DD FORM 1473' B4 MAR 83 APR edition may te used until exhaysted SECURITY CLASSIFICATION Of THIS PAGE
All other editions are obsoiete. UNCLASSIFIFD




A Standard Definition for Wind-Generated Low Frequency

TABLE OF CONTENTS

Ambient Nolse Source Levels. . . . . . . . . . .

Wind-Generated Ambient Noise Source Levels . . .

Ambient Noise Models and Calculations.

Source Level Specification .

Source Level Conversion Factors. . . .

Theoretical Relationships Between Monopole and Dipole

Dipole Intensities . . . .

The Geometry .

Source Near the Sea Surface. . . . . . . . . .

Table of Relative Source Level Values. .

Source Level Considerations. . . . . . . . .

Recommended Source Level-Convention I.

Source Level Convention II
Conclusions.

Bibliography .

Appendix A -- Frequency Convention . . . .

.

TD 8481

Page

11

13

17
19
21
23

25

29

Appendix B -- Derivation of the Farfield Intensity and Acoustic
Power Expressions for the Acoustic Dipole.

Distr,‘.bution/j o

Accesslion For .
NTIS  wonkl ‘a
DTS TA 0
Joaanounud a

JA;tirtontlon_________ﬁ

2. -~

Avallability Codes
;Avail ehd/or
Spealeal

|

|
|

31

i/11
Reverse Blank




TD 8481

A STANDARD DEFINITION
FOR
WIND-GENERATED LOW FREQUENCY
AMBIENT NOISE SOURCE LEVELS

WILLIAM M. CAREY, WILLIAM A. VONWINKLE,
DAVID G. BROWNING
NEW LONDON LABORATORY,
NAVAL UNDERWATER SYSTEMS CENTER
NEW LONDON, CT 06320

DOUGLAS J. KEWLEY

MARITIME SYSTEMS DIVISION, DSTO-WSRL
SALISBURY, 5108 AUSTRALIA

it waany 00760-13P

Low-frequency, wind-generated amblent noise source levels are
important input parameters for newly developed ambient noise prediction
models such as DUNES. However, there has been a significant variation
among recently reported source levels. An analysis is made of these
values. Although the actual noise measurements, the assumed source model,
and a small angle approximation are similar for all papers; differences
arise due to additional geometrical factors or a further approximation to
shift the source level to the surface. A standard source level definition
and evaluation method are proposed. Standard values of low-frequency.

wind-generated source levels are presented based on this strategy.
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WIND-GENERATED AMBIENT NOISE
SOURCE LEVELS

THIS PAPER
® PROPOSES A STANDARD DEFINITION AND CONVENTION

® SHOWS A COMPARISON OF MEASUREMENTS
® CONCLUDES THAT NO FUNDAMENTAL DIFFERENCES EXIST

THE PURPOSE IS TO CLARIFY APPARENT CONTRADICTIONS IN
REPORTED AMBIENT NOISE SOURCE LEVELS.
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Vind Generated Ambient Noise Source Levels

For several years we have been examining ambient noise data from
omnidirectional hydrophones, horizontal arrays and vertical arrays.
Northern hemisphere data for the most part clearly shows the dominance of
shipping noise in the low frequency(< 200 Hz) region. However, selected
Northern Hemisphere data obtained with both omnidirectional hydrophones
below critical depth and high resolution vertical arrays, as well as
Southern Hemisphere data, indicates a wind driven noise mechanism in this low
to mid frequency range. The numerical estimation of the properties of
mid-basin ambient noise fields which result from wind driven noise requires
a determination of the source level and the directional characteristic.
Source level estimates which have been published are based on experimental
data; however, the conversion from the measured omnidirectional or beam
level data needs to be carefully examined. We have encountered difficulty
in the direct comparison of published results because of this required
conversions to source level. Furthermore, the specification of source level
in computer codes used to calculate these noise fields also requires care
due to the multitude of conventions and the characteristics of the
particular propagation model being used. In our opinion, a standard
definition of source level and characteristics would have been most helpful.
The purpose of this paper is to supply a sound rational and standard

specification for wind driven noise source level.
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CURRENT MODEL ASSUMPTIONS AND
APPROXIMATIONS FOR WIND-GENERATED
AMBIENT NOISE SOURCE LEVELS

MOST MODELS ASSUME EITHER
A MONOPOLE OR DIPOLE LAYER
A LAYER DEPTH(S)
A SMALL ANGLE APPROXIMATION (DISTANT SOURCE)
A SHIFT TO SURFACE (DISTANT SOURCES)

A SOURCE LEVEL BASED ON MEASURED OMNI-
DIRECTIONAL NOISE AND A CONVERSION FACTOR

. +++ 01070 3E
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Ambient Noise Models and Calculations

Calculations of mid-basin ambient noise levels require the use of a
specific propagation code (PE, RAYTRACE, ASTRAL, NORMAL MODE, etc). The
specification of noise intensity per unit area with respect tO///EL does not
clearly specify the levelsone must use with each type of propagation code.
Most computations employ one of the approaches shown on this vugraph. For
example, calculations performed with PE (Carey 1987) require the
specification of a monopole source level and the depth of the source beneath
the pressure reiease surface. A Ray Trace Code, on the other hand, may well
use a dipole source with a level based on measured omnidirectional noise
level. All methods require a source level specification which can be

related to measured data.
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SOURCE LEVEL DEFINITION

OWER RADIATED AT METER|
REFERENCE POWER }

SOURCE LEVEL (SL) = 10 LOG [P

INTENSITY AT ONE METER |
REFERENCE INTENSITY |

10 LOG {

L

SL HAS UNITS dB RE 1uPaw 1 METER WHEN THE
REFERENCE POWER (WATTS) AND REFERENCE INTENSITY
(WATTS/M?) ARE BASED ON A PRESSURE OF 1;(Pa.
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Source Level Specification

This vugraph shows the standard definition of source level. This
definition usually applies to a monopole source of sound. The reference
powver or intensity 1is commonly based on a plane wave with pressure, &=/u€
and intensity xe= PZPC- . This definition has been applied to a dipole by
measuring the intensity on the maximum response axis. The purpose of this
paper is to provide a method of source level specification for surface

distributed sources of ambient noise.
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EXPRESSIONS USED TO CONVERT MEASURED
OMNI-DIRECTIONAL NOISE LEVELS (NL,) TO
DIPOLE SOURCE LEVEL (SL,)

BURGESS & KEWLEY SLj =

BANNISTER SLp

KUPERMAN SLp

A AMPLIFICATION FACTOR
P PRQFILE FACTOR

NL,-8dB—A—P
NL, - 4.97 dB
NL, - 10 LOG (7) - NL, - 4.97 dB

NL, — 10 LOG (COMPUTER-
GENERATED CONSTANT)
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Source Level Conversion Factors

Shown on this vugraph are equations used by several investigations to
convert omnidirectional noise levels (Nko) to wind driven source levels
(Skg). Burgess and Kewley convert the local omnidirectional noise level to
source level by use of an implication factor (A) resulting from multiple
reflections at the bottom and surface (depends on bottom loss),

8 = 10Log ( QT ) which results from integration of the sound intensity over
a hemisphere, and a sound velocity profile factor (P) which is a measure of
the deviation away from hemisphere isotropy. The units of source level are
at 1 meter. VWe note that an appropriate value for A~2 indicates that
vhen P+l the expression used by Burgess and Kewley agrees with Bannister
and Wilson. Kuperman assumes a layer of monopoles a distance 2'<< 77QTT.
Integration over the whole plane yields a computer generated constant
6.34dB.

Thus there are some differences in these conversion expressions which

can result in factors on the order of 1-5dB.
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THEORETICAL RELATIONSHIPS BETWEEN

MONOPOLE AND DIPOLE INTENSITIES USED
BY SEVERAL INVESTIGATORS

KUPERMAN 10 LOG (Ip/ly) = 21.9 + 20 LOG (h/\) ~ 6.34dB
TALHAM = 10 LOG (7% = 9.94 dB

WILSON = 10 LOG (7% = 9.94 dB

BANNISTER = 10LOG (4) = 6 dB

BURGESS & KEWLEY = 10 LOG (7% = 9.94 dB

10
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Theoretical Relationships Between Monopole and Dipole Intensities

The term dipole refers *o two point sources of opposite sign separated
by one half wavelength. 1In the context of this discussion we use dipole
loosely to mean the field due to a source and its image in the pressure
release surface vhen the distance beneath the pressure release surface is
less than a quarter wavelength. Shown on this vugraph are expressions for
the maximum response axis intensity (Ip) compared to the monopole intensity
used by each investigator. We observe differences between 3.6-4dB. The

reason for these differences will become apparent in the following vugraphs.

11
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THE GEOMETRY

IMAGE @ (o, - h)

P = 0, ON THIS BOUNDARY
X
®

SOURCE @ (o,h)
y

. «-- 01070 6E
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The Geometry

The purpose of the vugraph is to illustrate the geometry considered for
a point source a distance h beneath the pressure release surface. The
convention being adopted is to take & as © on the surface and Tr/g_ in the
downward direction. |Y,| is the radial distance to the observation point and
in the farfield of the source and its image and is approximately equal to
the [K| and | ¥1, The problem will assume a unity surface reflection

coefficient and each source acting as a spherical radiator.

13
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SOURCE NEAR SEA SURFACE

DIPOLE PRESSURE: pp(ry) = 427r‘r; SIN (k h SIN 6)
DIPOLE INTENSITY: lp, = 4 ¢+ Im SIN* (k h SIN 6)
lp, = 167 lyy (WA)? SIN? 6
k = 2m/\ AND h/I\ = 1/4

lp, = T Iy SIN*0

DIPOLE POWER RADIATED INTO A HEMISPHERE, (r,=1 METER):

= 47ro|M 1 - SLN_(?kEl

3
= 32 - (hINY Iy

= (23 T lyy)

070 8E

14
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Source Near the Sea Surface

Shown on this vugraph are the equations governing sound radiation from a
point source under a pressure release surface. We are assuming the
surface reflection coefficient is equal to unity and that the source is
harmonic in time and propagates as an outward going spherical wave.
Several approximations can be made concerning expressions for the
intensity and power radiated by such a source.

Equation 1 shows the result for the magnitude as a summation of the
radiated pressure from the source and its image. The monopole source
strength is f, and the pressure at Y, from a monopole is Pu = Fo/4Tv,.
Equation 2 shows the intensity at the radial distance Y. The monopole
intensity is Ip= ‘P:, /;’PL = Po¥/um) %*(apc) . Here we have when e=T4
that I}bALM =4 . This is the first expression for the relationship
between source levels.

Equation 3 shows the result of a small argument of the sine function,
(h/a41 ). 1In this instance ve find Tp, /Iy = 16TTE(nix )& wvhen
©=T/a . The dipole source level depends on h/R .

Equation 4 shows the result when we have a true dipole H/)_: \/q .

Then the intensity IDA/IM;- T2e o= T/ - At this point we have three
possible expressions for the source levels.

Equation 5, 6, and 7 shows the expressions for the radiated power into a

hemisphere. We have chosen a hemisphere as only the lower half plane

receives radiated energy.

15
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TABLE OF RELATIVE SOURCE
LEVEL VALUES

BASED ON ANALYTICAL EXPRESSIONS FOR THE DIPOLE
INTENSITY AND POWER, WE HAVE:

Sp - Sm=10 LOG (Ip/ly) = 10 LOG (Pp/Py)

60’ 61’ (2!

162(h/N)?

SIN(2kh) || 872
[“ 2khJ 3~ (WA

*POWER RADIATED INTO A HEMISPHERE. WHEN THE TOTAL
SPHERICAL RADIATION PATTERN IS CONSIDERED: Pp/Py = 7%/3.

01070 9€

16
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Table of Relative Source Level Values

Based on the expressions on the last vugraph we have summarized the
various ratios of intensity and power. Here we are using the monopole
intensity or power as a reference. Notice there are six possibilities.
Our previous vugraph has shown Bannister employed 10Log(4)=6dB, where as
Wilson, Talham, and Burgess used 10Log( J7%)=9.94dB. All these authors

employed the peak or maximum response intensity level.

17
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SOURCE LEVEL CONSIDERATIONS

IF WE LET h/A = 1/4 — THE PROBLEM IS SIMPLIFIED

FD = w2 SIN2f SLp = SLy + 10 LOG (72 SIN? () (1)
M

WITH THIS DEFINITION, THE SL, WOULD BE MEASURED
AT 8 = 7i2

® SLy = SLy + 10 LOG (7?
0 w + 10LOG lj hiN= 14 0

9.94 dB

HOWEVER IF WE USE THE RADIATED POWER INTO
THE WATER

Slpp = SLy + 10 LOG (76)  hi\ = 1/4
2.16
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Source Level Considerations

Carey and Browning have surmised that most physically realizable sources
of sound near the surface of the sea have a dipole character. If we are
to represent the sources of noise as distribution of dipoles per unit
area, then the source depth to wavelength ratio should be equal to 1/4.
This implies a frequency dependent source of sound rather than a monopole
at fixed depth and that the source of sound is distributed in depth as
vell as in area. With this implication, we have expressions for the
intensity (equation 2) and power (equation 3). The intensity ratio
requires the specification of ©=T/=2. ; the power definition which is
based on the total radiated power into the water does not. The
specification of the number of independent dipoles per unit area is thus a
specification of power radiated per unit area or vice versa. The
independence criteria require the spacing between dipole radiated to be

greater than the correlation of the hydrodynamic forcing function.

19
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RECOMMENDED SOURCE LEVEL
CONVENTION |

FOR THOSE CALCULATIONS EMPLOYING A POINT SOURCE
BELOW THE PRESSURE RELEASE SURFACE

i
h

50'—1—

SPECIFY: p,, hA

USE MONOPOLE SOURCE LEVEL SL, = 10 LOG (p,*/pg?)

pr = REFERENCE PRESSURE, 1.Pa

20
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Recommended Source Level-Convention I

Based on our previous discussions we now summarize and recommend a
standard convention. For those calculations which require a point source
below a pressure release surface we recommend the specification of 2 and

h/A. The monopole source level is specified with respect to /44 & /m.
The source level Slo = 20Log (%/P, ) has units B (4RI w2 -H#3) -

The /m?® specifies the per unit area dependence of ambient noise.

21
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SOURCE LEVEL CONVENTION I

FOR THOSE CALCULATIONS AND APPLICATIONS WHICH
REQUIRE A DIPOLE IN THE PRESSURE RELEASE SURFACE

DIPOLE . SPECIFY: hI\ = 1/4

lg = 72 Iy SIN'(H) (1)

‘/TZ

Pp =% Py, FOR RADIATION INTO THE WATER (2)

BASED ON THE POWER RADIATED

SLp = SL, + 2.16dB
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Source Level Convention II1

When the calculation requires a surface distribution of dipole
sources (in this instance q41=1/4), the pover radiated into the water is
given equation 2. This results in a dipole level (equation 3) 2.16 dB
greater than the monopole source level. The reference units for dipole
sources per unit area are dB//((/4A)*/mz ~Hn. ) at 1 meter. The
specification of the source level in terms of total power radiated into
the water provided a basis for comparison with omnidirectional
measurements and alleviates the problem of maximum response axis intensity

levels.

23
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CONCLUSIONS
WIND-GENERATED AMBIENT NOISE
SOURCE LEVELS

A STANDARD DEFINITION AND CONVENTION PROPOSED

THIS STANDARD AT MINIMUM ALLOWS FOR COMPARISON
OF MEASUREMENTS

IN LIGHT OF THIS STANDARD THERE APPEAR TO BE NO
FUNDAMENTAL DIFFERENCES

. + . 01070 13E

24
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Conclusions

Ve have concluded that source leads for ambient noise which are

distributed over 1 meter should be based on a monopole of strength To a

distance Uél=1/4 beneath the pressure release surface:

® Monopole

Sile = 20L06 (B /F:) BN (142 )* ) mE= A )

Pr = YT Iy = fgz/b/oc..
e Dipole

l% = /77‘2/6 )-EM , pover radiated into the water,

Slp = Slo *2./643 dBY (4RI m2 —tn )

Ve conclude that this allows for comparison with measurements

that estimate power radiated per urit area. Furthermnre when we

apply this standard to measutements previously disclosed, no

fundamental differences are observed.
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APPENDIX A: FREQUENCY CONVENTION
RANGE FREQUENCY DESIGNATION DESCRIPTION
L
SEISMIC 0.02 TO 0.2 ‘
i .
0.2 TO 2 | ULF ' ULTRA LOW FREQUENCY
INFRASONIC |
2 TO 20 VLF | VERY LOW FREQUENCY
;
:
B U | _..__.{_.__.___..__
20 TO 200 LF (LOW) { LOW FREQUENCY
|
SONIC 200 TO 2000 MF (MID) ! MID-FREQUENCY
2000 TO 20,000 | HF (HIGH) HIGH FREQUENCY
SN U (S _
20,000 TO 200K | VHF VERY HIGH FREQUENCY
ULTRASONIC 200K TO 2M UHF ULTRA HIGH FREQUENCY

29/30
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APPENDIX B: Derivation of the Farfield Intensity and Acoustic Power

Expressions for the Acoustic Dipole

The Wave Equation with Constants

We assume a sourcz of sound which is "point" like at Xg= ¥ ( Xo 4a,2s)
emitting waves with a time dependence e"-""'t, (w = 27TF).
1.) V@*(’/C({)")ét‘%tz = A-,S‘-G"%Q‘(_'{A) , where ¢(x) is the sonic speed.
§(%-%s) is the delta function, and K is constant describing the source
strength.
2.)@= VELOCITY POTENTIAL = &/xy2)e <« y==0¥ i P=p e .
3.) \7"@ +(W%2)d = K'S'J(L“"io% Ve need to determine the wave function
and the constant K for a wave diverging omnidirectronally from the unit
source. In the immediate vicinity of the source, the wave diverges
spherically.
0B = RYSIRI, whp <<l R=a-gel.

To find K ve intergrate over a small sphere of volumelg with radius #

about Xo . Then ve take the limit as €&+ o0 and let S=1I.

5.) [[§dv, (0 ecwke)d )= [{[dv (KSh-x0))0

Vs Vg
6.) It is easily shown that Sg&'dvs (P*$) =-4T 2 jj_sc“é(wz/cz¢):0
7.) 5SSJV£'K 5({(-5,) = -4 = K by virture of the delta function.

8 V3@ . (W \d = 4Tspnn; =% /o .

Y (2
9.) Cylindrical coordinatesj{l/\}%y;[rs%w) + g%.l + UZ;@ = ""’/TJ% {138,

: : 1,3 = -389 §a-ny)
10.) After intergration over¢ , (ya %\-U')Q,ér) ‘,52%\_; ,.\U/CzQ v § s)

The Acoustic Dipole The wave equation in spherical coordinates from

equation 1.

- (W
1) V3P + &2 ¥ = -7, Yl p)

31
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12.) The outward propagating wave \f) =/ gﬂ/r)e/(PC[f'r""Wt)'(b)

vhere ¢, represents the magnitude of the volume source. The acoustic
pressure P-—/oa%ﬁ and the particle velocity V = 'Y ¢

The solution to the wave equation at point F; from a point source at K and
its 1image at ry is the superposition of individual solutions. In this
instance the source is a distance h beneath the pressure release surface.

13.) Pe)= @5) » Folr) 5 PE) = BOGI+R(%) ;Iniz|nl =6l | Ha-i.
7= xz rly=-n) S NiexPsoyrhl®y R =Xy ™

iry= (/) exXP(LELi-cwt) [expl-Lieyhly ) —expli<Ryh/n)] .
The resulting velocity potential function is

16.) P%) = Bofr)exp(A ket —Cwe)(-ai)amibhanb),

The pressure is determined by use of P=p 39}/3\‘.-.

15.) PCh) = (- 2P%0 ity ) int (ke hauniB) @xp (L k. Yo-Lwt) ; | F/B))= ?/:% Y bn (b denr B),
The acoustic intensity is by definition, ’

16.) Zp = Re (UP) = [/ 4R 0P s ) dun™ (£ha8 ) = [ ¥ 08 oyt ) din ik hach &),
wvhere D refers to the source and its image.

17.) The point source, monopole, intensity is xu, =«32 b?fi:. The radiated
intensity from the source and image.

18.) Ip = ¥.3,, &m¥/khsws). The radiated pover into the lower hemisphere.

190 P = fTpda = fgcr QZ‘@ Bl (YW o5 e ) n2 kA8 Cos O,

00 F, =(yrwipgrfe)[ i-am (2kndfapn] . By=9Twirg e .

The result of the dervation is the following expression for intensity and
power.

21.) The general result.

@y Iy =w2ogc b.) Tp= 4Tm dm>(kh &616)
cYBy=9TIm o) f,,=</77'.z,,,[/—W/9k“J/:zkh]
€.) Ip A, = Yders3(#h 4t 8) £) ‘2’/13,,=(/“ dir(ARh)fp ), )

32
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22.) The approximation kh << | Rh = 27”\/%

ay Tp= #T3h/1)%sm6 I, Tp/1,,= 16TC hja )& amde)

b) By = BITHY by VoI Bo/p (377 Y (h/a)>
23.) The approximation Q77 h/q = T/g

a. Loy =Tr2dinds b) Bo/p, =T%/b
Note: (a) When the radiation from a point source is taken of the form
Yrexp(-dJE+L4:) ), the solution will be Hankel functions of the first kind
(i.e., Morse) when the solution is of the form Yy expliws -8 L ) we must use
Hankel function of the second kind.

' r .hn
Note: (b) We have a choice e“‘/r or e“Zm, ve have choosen the first

form.
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CAPT K. Evans, CAPT R. Witter))

NAVSEASYSCOM (SEA-63)

NRL (NRL 5100, 5120, 5160, 5130 (N. Yen))

NORDA (245 (R. Wagstaff), 110 (W. Moseley), 200 (E. Franchie),
240 (R. Farwell), 125L (Library))

NEPRF .

NADC

NCSC

NOSC

DTRC CADEROCK LAB

NSWC WHITE OAK LAB

NPS (Dr. H. Medwin}

NUSC DET AUTEC

NUSC DET WEST PALM BEACH (R. Kennedy)

APL/JOHNS HOPKINS (G. Smith)

APL/U. WASHINGTON (R. Spindel)

ARL/PENN STATE (S. McDanniels, D. McGammon)

ARL/U. TEXAS (S. Mitchell)

MPL/SCRIPPS (F. Fisher, W. Hodgkiss)

WOODS HOLE OCEAN. INSTI. (S. Williams, G. Frisk, J. Lynch)

U. OF MIAMI (F. Tappert, H. DeFarrari)

BOLT BERANEK & NEWMAN, INC. (P. Cable, S. Marshall, W. Marshall,
G. Duckworth, P. Smith)

SAI CORP., McLean, VA (A. Eller)

SAI CORP., New London, CT (F. DiNapoli)

SYNTEC (R. Evans)

TRW (S. Gerben)

MIT (H. Schmidt, A. Baggeroer, 1. Dryer)

U. OF DELAWARE (V. Klemas, P. Lyrenga, D. Wood)

SEA GRANT OFFICE, AVERY POINT (E. Monahan)

LaJOLLA INSTITUTE

DEFENCE SCIENTIFIC ESTABLISHMENT (Or. Richard Bannister)

DEFENCE RES. EST. PACIFIC (Dr. Robert Chapman, Dr. R. Chapman)

DEFENCE RES. EST. ATLANTIC (Dr. Harold Merklinger)

UNIVERSITY OF AUCKLAND (Dr. Alick Kibblewhite, Dr. Gary Bold)

R.A.N. RESEARCH LAB. (Dr. Douglas Cato)

ADMIRALTY RES. EST. (Dr. David Weston)
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